Keywords: finite element method (FEM), genetic algorithm (GA), electromagnetic clutch, solenoid, optimization This paper presents the useful technique to save the computation time in the optimization process of the genetic algorithm (GA). In this technique, genes are encoded for elements as their material information to avoid re-meshing caused by the movement of nodes. Furthermore, the process of the GA is divided into two steps because it requires much computation time to apply the GA for the whole region to be analyzed at once.
This paper presents the useful technique to save the computation time in the optimization process of the genetic algorithm (GA). In this technique, genes are encoded for elements as their material information to avoid re-meshing caused by the movement of nodes. Furthermore, the process of the GA is divided into two steps because it requires much computation time to apply the GA for the whole region to be analyzed at once.
In the first step of process, the temporary optimal geometry is roughly obtained using the course searching points in the whole analysis region. The temporary optimal gene code is 1 in Figs. 1(a) and (b). In the second step of process, the searching region is focused on the neighborhood of above obtained temporary optimal geometry. Through these two steps of the GA optimization process, (a) 1st step of searching process.
(b) 2nd step of searching process. Fig. 1 . Modified GA process the true optimal geometry (gene code 2') can be easily obtained. Fig. 2 shows the magnetic flux distributions of initial and optimized models. Table 1 shows the comparison of both computed results. The computation time of the proposed technique can be saved more than 90% compared with the usual one. In case of usual technique, 6.5% of 10000 genes are computed. In case of proposed technique, the number of genes is 256 in both steps and 27.5% of them are computed. It is thought to be possible to save the CPU time if the number of individuals is controlled for this technique.
The usefulness of this technique was verified through the comparison with the usual technique when it was applied to the electromagnetic clutch to obtain the maximum attractive force. 
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Introduction
Recently, various kinds of optimization methods which can apply to actual design of the magnetic structure and geometry of electric machines have been studied. The genetic algorithm (GA) attracts attention because it is one of the most robust methods that can apply to the problems with several local minima (1) (2) .
Authors have been also studying and improving the GA and showing its usefulness (3) (4) . However, there are some problems to be solved; local optimized solution, computation time, setting of the GA parameters, and so on. The computation time to search the optimal solution is one of the most important and serious problems in the use of actual design.
In this paper, the useful technique is introduced to save the CPU time. The effectiveness of this technique is verified though the comparison with the usual one when it is applied to a small sized-electromagnetic clutch and a solenoid.
Analysis Method
In the usual coding process of genes, they are encoded for nodes in the searching region. Then, the finite element analysis must be carried out after re-meshing in every evaluation process.
Moreover, the GA parameters are optimized for the whole analysis region. For that reason, the computation time amazingly increases.
In this proposed technique, the fine elements meshes are prepared so that they can cope with the number of division of GA searching region without re-meshing. Furthermore, this technique consists of two steps to save the CPU time.
Figs. 1(a) and (b)
show examples of mesh division near the searching region in the first and the second steps of the GA process. As shown, both meshes are not changed while their each material number is changed.
In the first step of process, the temporary optimal geometry is roughly obtained using the course searching points in the whole analysis region. The temporary optimal gene code is 1 in Figs. 1(a) and (b). After the optimal geometry is obtained by the first step, second step starts. In the second step of pro- cess, the searching region is focused on the neighborhood of above obtained temporary optimal geometry. Through these two steps of the GA optimization process, the true optimal geometry (gene code 2') can be easily obtained. Fig. 2 shows the flowchart of this technique. The auto mesh generator used in this study adopts the bubble system (5) (6) . Fig. 3 shows the basic construction of the electromagnetic clutch used in this study. This model consists mainly of the pulley, the mover, the stator and the exciting coil. The number of turns of coil is 4602 and the exciting current is 0.08 A.
Analyzed Model
The mover is lift up and attached to the pulley when the coil is excited. It is important to decide the geometry of the mover that can produce the attractive force at a gap of 0.6 mm (where it starts to close) The node number is 1598 and the element number is 3125. The fitness is defined as the divided value of following attractive force by targeted value (28 N).
x · n y · · · · · · · · · · · · · (1) 
Results
The optimal design is carried out using both the proposed and the conventional techniques. The conditions of both analyses are the same; number of individuals is 40, crossover rate is 30%, mutation rate is 0.3%, and number of evaluation is 100. The design parameters are shown in Fig. 4 . Table 1 shows the comparison of both computed results.
It is found that both optimized results completely come to agreement and produce the maximum attractive force of 26.9 N. The maximum attractive force increases by 19% compared with the initial model (22.6 N). Fig. 5 shows the magnetic flux distributions of initial and optimized models.
The total number of genes using the conventional Fast Computation Technique of GA Based on FEM technique is 10000 in case that each searching region of 4 design parameters is divided into 10. 6.5% of genes of the total genes are computed. On the other hand, the total number of genes using the proposed technique is 512 in case that each searching region of both steps is divided into 4. As a result, 71.1% of genes of the total genes are computed and the ratio for the total genes of the computed genes increases. This is because the computation continues until the end of evaluation (N = 100) in spite that optimal solution is searched on the way. The proposed technique can greatly save the computation time compared with the conventional technique in spite of the above situation.
Influence of GA Parameter
In previous chapter, the usefulness of the proposed technique was clarified. In this chapter, the influences of GA parameters on the optimal solution and computation time are investigated. As shown in Table 2 , GA parameters (factors) are varied; the number of individuals is 10, 20 and 40, crossover rate is 10%, 20% and 40%, and mutation rate is 0.1%, 0.3% and 0.6%. These three factors (GA parameters) and three levels are assigned to orthogonal array using an experimental planning method (7) , and the best and the worst combinations of level of each factor are selected from nine kinds of combinations. The number of evaluation in all calculations is 100. Table 3 shows the total number of computed genes of each level. In this calculation, the interaction between factors is ignored, and the best and the worst combinations are only judged from the total number of computed genes. Here, the best combination of each level of factor; number of individuals is 10, crossover rate is 20% and mutation rate is 0.1%, and the worst combination of level of each factor; the number of individuals is 40, crossover rate is 10% and mutation rate is 0.6%, are selected and compared together. The computed results of the best and worst combinations of each level of factor are shown in Table 4 . The geometries and the attractive forces of both models completely agree. The number of computed genes of the best combination is 170, and 33.6% of genes of total number of genes are computed. On the other hand, the number of computed genes of the worst combination is 313, and 61.1% of genes of total number of genes are computed. It is found that about 30% computation time can be reduced. Table 5 . Comparison of computed results between proposed and usual techniqes
Application to Another Model
In this chapter, the proposed technique is applied to an another model (solenoid). This model has an axis symmetric structure and consists mainly of the stator with a magnet, the mover, and the coil as shown in Fig. 6 . The number of turns of coil is 970, and the exciting current is 0.4 A. All materials of steel are made of SUYP. The magnetization of used permanent magnet is 1.3 T. The mover is operated by the mixed magnetic flux from the permanent magnet and the excited coil. The design parameters are shown in Fig. 7 . The GA parameters used in this calculation are as follows; number of individuals is 10, crossover rate is 20%, and mutation rate is 0.1%.
In this model, the attractive force at a gap of 0.3 mm (residual gap) is very important because it becomes maximum through the whole displacement of the mover, then it is used as a fitness. The number of evaluation is 100. Table 5 shows the comparison of computed results of both proposed and conventional techniques. The optimized geometries almost agree though both maximum attractive forces are a little different because of the numerical error. Fig. 8 shows the magnetic flux distributions of initial and optimal geometries. It is clearly found that the computation time can be greatly reduced as well as the results of the electromagnetic clutch. The evolution process of proposed and conventional techniques is shown in Fig. 9 . It is confirmed that the computation time of the proposed technique is much shorter than that of conventional technique even if initial individuals are changed.
Conclusions
In this paper, the useful technique to save the computation time using the genetic algorithm (GA) was presented. The validity and flexibility were verified through the comparison with the usual one when it was applied to both an electromagnetic clutch and a solenoid to obtain the optimal geometries that give maximum attractive forces.
In future, this technique will be improved so that it can apply to a complex model with a lot of searching regions.
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